Precise demonstration of the surface architecture of biological organisms is critical to elucidate functional events taking place on the cell membranes. Cell membranes provide refined and orchestrated molecular arrangements enabling biological organism to conduct their sophisticated physiological activities 1 . Scanning Electron Microscopy (SEM) has great potential to visualize detailed structures associated with dynamic events on the surface of materials. Dry hard materials, such as graphene or gold, are readily applicable to a high vacuum chamber with an electron beam and yield highly detailed information at sub-nano scale. In sharp contrast, biological organisms, with lipid-rich membranes encompass cytoplasm containing >80% of water, are extremely challenging objects to apply for SEM. To apply such biological organisms, ethanol dehydration was developed based on the assumption that ethanol was a mild organic solvent that caused less damage than most organic solvents, while concerns over the loss of lipids prompted a search for alternative reagents or methodology 2, 3 . The application of osmium tetroxide to fix unsaturated lipids 4 , variable derivatives of organic solvents, or lowering ethanol temperature were introduced to minimize the loss 5 . Lipid loss during EM processing was examined and believed to be minor, nevertheless these assessments were limited to biochemical means and the question regarding structural integrity remained unanswered. Despite such uncertainty, the existing ethanol dehydration step for SEM sample preparation is widely used.
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Given these considerations, we carried out a series of tests for SEM methodological development, aiming to achieve the following goals; 1) retaining the integrity of lipid-rich membranes, 2) attaining high resolving power up to nm scale, 3) retaining activity of fluorescent proteins, and 4) enabling applicability to a broad range of biological samples. We came up with a three-step-procedure: 1) plunge freezing for instantaneous immobilization; 2) freeze drying in a cold nitrogen gas (GN2); and 3) critical point drying (CPD). Here we describe a new sample preparation procedure, coupled with a freeze dry method using gaseous nitrogen (FDGN2 method) resulting in unprecedented structural detail using high vacuum SEM.
Extended assessments revealed that the FDGN2 method was adoptable to Helium Ion beam Microscopy (HIM) 6 . Recent development of gas-filed-ionization source, reduced aberrations and charge compensation electron flood gun made HIM potentially a super-resolution scanning microscope of native topographic architecture without conductive coating. However, successful biological applications have been limited and it awaits further methodological supports. Further assessment revealed that the FDGN2 method retains the activity of fluorescent proteins as well as reasonable ultrastructure in thin sections for Transmission Electron Microscopy (TEM).
The new information presented with the FDGN2 method using multimodal imaging systems exemplified a reliable complementary structural assessment for highly sophisticated biological organisms. [7] 
